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04677835 ** Image ava i lab I e** 
SEMICONDUCTOR DEVICE 

PUB. NO. : 06-349735 [JP 6349735 A] 
PUBLISHED: December 22, 1994 (19941222) 
INVENTOR(s): MIYANAGA SHOJI 

OTANI HI SASH I 

TERAMOTO SATOSHI 

APPLICANT(s): SEMICONDUCTOR ENERGY LAB CO LTD [470730] (A Japanese Company 

or Corporation), JP (Japan) 
APPL. NO. : 05-166117 [JP 93166117] 
FILED: June 12, 1993 (19930612) 

INTL CLASS: [5] H01L-021/20; HOIL-021/324; H01L-021/336; H01L-029/784 

JAPIO CLASS: 42.2 (ELECTRONICS — Solid State Components) 

JAPIO KEYWORD:R002 (LASERS); R004 (PLASMA); R011 (LIQUID CRYSTALS); R096 

(ELECTRONIC MATERIALS — Glass Conductors); R097 (ELECTRONIC 
MATERIALS — Metal Oxide Semiconductors, MOS) ; R100 
(ELECTRONIC MATERIALS — Ion Implantation) 

ABSTRACT 

PURPOSE: To lower the crystal I izing temperature of a thin f i Im composed of amorphous 
si I icon so as to reduce the crystal I izing time of the thin f i Im by forming the thin 
f i Im on a very thin f i Im of a catalytic metal for low- temperature crystal I ization. 

CONSTITUTION: After selectively introducing nickel in the form of a nickel si I icate 
film to an area 100 as a catalyst for low-temperature crystal I ization, 
an amorphous si I icon film 104 is formed by the we I l-known plasma CVD method and the 
film 104 is crystallized by heating the film 104 for four hours at 550 deg.C. As a 
result, crystal growth takes place in the direction perpendicular to the substrate 



101 in the nickel-introduced area 100 and, in the other area than the area 100, 
lateral crystal growth takes place in the direction 105 parallel to the 
substrate 101. Thus a crystalline silicon film is obtained. Therefore, the 
amorphous silicon film used for active-matrix type liquid crystal display 
devices having large screens can be crystallized at a temperature which is 
sufficiently lower than the strain point of glass. 
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¥^#^HtLTli. cne.<DTFT£Hlg©fS«ltCffl 

[0 0 0 3] Cin6©SBCffl^€>tl-5TFTl-B. S8 
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[0 0 0 4] Ctl&ttatt«*r&«m*g>&S¥8ft: 

(1) m»KitAtt*#roteiitt*ftT«. 

(2) #AX©¥WMR**IltbT££, U— »f-3£ 

(3) #SR©¥**R£j*BILT;I3S. 

tf5fc*tt!i , » Stiffs. LA»L&*«5-. (l) © 

?Ti*-lClMIIT*Cial«8HB±B«T*9. SfcricBI 
WE*«8 0 01C«±tK«r»O-C. £«fc#5X««*<& 
fflT#/.t^i:V^3Xh©raiS , b»^fc. (2) 

— tf-iWiZti t. U— !f-jfc©BMm0</h£ t»fc 
XJl'-^«yh*tfi^t^'5raH**i-f**), Sit* 
EStSS©^:® «:i^-tcfflg-r5 Ctt U— tf-©£ 
**»Tttft<. %1ift©&ff&fr»3B«<3ftfr>. (3) 

©*ite. (i) . (2) ©^fetit(ft-r*t*ffi8ic 

6 0 0X;i£JL±<D&m\z?Z£tilWmT3bQ, 

9 . -€-©^7XSfit)|^8ll-^:l!© 
&£«ffl-f5&£;4t£-5. C©ffil^S!©^7XSffi* 

C*5ttSffi*^»£a-£<^fc'&©**. 7^?^)h*§«D 

-ttW»CttfflSnTH*7 0 5 9^57.©«-&l;tt. 31 
*j**t6 9 3tT*0. ^©ttlHMiaftft&TtfcfcS 
ttBBttSHUTLSsS. BBOBBClftCfca 

ffi©^n-feXTtt«S®fblcg-r-51in^B3*t»+mrra« 

[0 0 0 5] 

[»M***ftLJ:5<»:-r*»B] ±E©WB 
***T*#ft*tHW*fc©"e*4. JiOAttttCli 

fcfflt^fc. BAttt*r«g*¥*#*&&«itK.©fli 
SSftJcfc^T. £Afl:££S&B£©£&fl:&>$m© 

£*g £P5i-r * 7 □ -fe x * tiw-r s z\ t £ * © a « t -r 
t>©t^^ei,±©!Ki^s;WL.. TFT<omtem®mzt> 

[0 0 0 6] (««©*«] *S^A6tt, ±8B«£*© 

ttwofli'rjfi^fc. #aK©a**«*jg«:cvDft-?' 
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{0 0 0 7] £f%mntlT> #7X«*±C#A 
ft&*R&£RU £OR£jbD»lc*0»A<fc3l*** 
Ji-X&Zffl^ht* ttA&ftl2#7X£B&#AX3 

*t©M*6ts*o. &*fiK4>HB£U?ttS&£ 

[0 0 0 8] ±ES*tt, *f7X*«£#AHa»Rfc 
OiHBK. teffifiKfi^gtfcSifSASt (ISAf£&tf>S<h 
3&«#ftUT*J0, *©**>SISAjMEfcftLT^ 

3e@o&aj*# (naflft^^xtfftfnsisi^ 
x*«aiBicttBifta*©tta*»**#aELT^>*i:* 

[0009] xvmmmzf&ih&zmx-rzz 

A, ^oaSBtRB-r^, IBOMitllCffiJ:!: 
£RL. *0±(C#BR&*J»&tt*BR&RB. 
RftlRttAffc*fr5*R*li*fc. *OBB. 

T*«R8*n, »#^»A*iLfc»ARftMB;i?T 20 
[0 0 10] BAfttiU flR4>tt£R£. SO 

««fi{fcic»Tsas*jw*BSftfc. i^t>fi^: 30 

[0 0 11] ±E2^<0S»*KJ:D t ft 

$e£/*r, *o«fiD«ft«ga^kLfc«^ictt, 

*OT\ ^«*W«»«»"-CttCft6tl»LT r{£jg$ga 

[0012] -yir^t'ogaoaftssw-rso*- 50 
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5 9) (C^^XvCVDifeTWrt^tlftlffllia**^ 
&*»R*B«»BB+rofllRfcJ:-3-C, 

0ftft&jtR£RRLfc£R±o#AK3**s&*& 

[0 0 13] CBB*Bft-r*fc«&0^a) ±EK!H*> 

fi&ttAft:nflMK«B0ttB&BReRR 

Lfc±*»S, #AK3R^6&SBR&£Rl>fc«&. 
BAibBBOBB{bftCfBaft(cSr««MoBIB^ 

fcCfcfcttBK:. S&C»«ftHW*HoilT^<ctK: 
n. A. «&£BBT*#. BB&BftttnR&Ba 

oa»*ew-r*ct, ftt^f*>aATfcH«*raofc 

±l2{Sii^aftfflftl!fil*JSiLT«, ft. ra/WK - 
yir;k R. Ar/^A, B, e*rt>5Btf*lfc'>&< 

OBftCtntf. ±E*m£HRO»*S*rr*5c*fc 

UTte, 8&7n3?Tfc£Ru, Rh, Os, I r»lf 

[0 0 14] srttfittAftJBtttt&RR&io^&K:^ 

tvtBigrr*. eaBa^fflttK&BoajiSiiDa. s 

B±(C«Ba:ieWBa{bfflHKftBBM«fi»L, *o 
RU *0±*&ttft&ttM£Rftfll!*R&R*R£R 

R-r**fct?t>, B#iBiB»=BB{boaijii^4ro* 

BB*ftttX^y*ttTt>. B»S"Ct>sjRT, J5&R£ 

ftttfil!3AftiflttflMiUI«l£HTi«d. 7 0 5 

9 ^9X*«o±*6ia*«B«t«attB{t««B*B 
»R£j*R-«-*«fc!>ft. f3Stt±i;:tt{b3RoftR&Jtt 
Mb, *Ojt£RB&ttBSAfl:ttttK&BBR6RR 

0. 7 0 5 9iS7Z<Dm£\Z\tm*$kft<Dl3L#ifiZ<Dffi 
[0 0 15] BftSftno^atLTtt, #AK& 

*o±*fcttTc»tT»R*«ri6-r*ei>nc> f 
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[0 0 16] <Sii*SafkfflttK^Srog^LT«. 0UA 
t£-ytr)\,\ZZ>MX\t. 1X10" atoms/cm' 

x l 0" a toms/cm' 6l±ro^iPSlcfeOTtt. 
5-?>#3fcX"^ HU©bf-?©Jg##&5&i|Mt:©«J<»: 

1 x l 0" a t oms/cm' ~5x l 0" a t oms 10 
/cm' 0$|fflT*S<!:St>*aS. Sfc. 
LX, TFTroffitt^JCffiffl-T-SCt^^St. 
££1 x 1 0" a t oms/cm' ~2xi0"ato 
ms/cm' {cWA.*Ci*<ijS>RT?*S. 

[0 0 18] ±2*©j§0. fiffiilSiUfcfflttBI&HfcasllD 

*»«SU *©**&©ttAJ*ftt>W«£f>>* f AT. 20 

^S*ffiir.fct)Ttt (110) (ill) KJttt 

■a. 

[0 0 19] S1*il©««}*«K-r'«. DSC (tkM 

«±lcaKlfc#AR&*tUl&. ««COt»fc*3£K 

*i*7 0 0rW«TW*a*Jllt!-ir*«B»**i. It 
AflrtHBMStlfc. C©&fttt. #i&>i£££*.S<»:3 30 

«*Ctt7 0 0. 9t:*^i^Sfk^MS&Lfc. 
*Re3MXX.fcb©tMftU «l&a»S/MRttfc 

»fc. tit. fc«fc*3. 0 4.eV&t»3iW**S*i 

7 V^AKg^fgiU *-©«*> 5©*SAl£fi 
<fcV>e>t7\iU©g*S14j»<6IIg£*lfc. 40 

[0020] H«©wte. &mm^tmm 

4$E&B£8sJinLfcfc©. Z.Z\T\mt[sX-y>r)l>£®i 
S*tt)Ufc , t>©CO^Tt>ff-3T*fc. TSt. 1 0"C 
/m i nWjigT'^SSrffofc^irae 1 9. 9"CA> 

S©gtt<tX*^*-tti5«t-t 1 . 8 7eVt»ot. 

ftofc. St. S»tt«Slt©7-f^T-^ >y*»e.*i6fc 

-*xwi?s»if© ; &r : jucia<. 

fi£gC-^^(S]©^|6)ttS:#-r*Ci:^l&^nfc. 50 
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[0021] iiAftMMa4ffltilfl:£tiftc 

fcKtH>T*4. M&©a9Att©8AR&l/TttttM*R 

lC#AS*a*©TN&*#. ttAJfcftOffittffcX*^*- 

AHA:** c t lc«k 0 f^S ARg*K©f!&Afl: 

©ffittfcl*^*- ©«]£ £ !»)£©#£ tC .fc -3 Tfr -3 
fc. »SfkMS&iaKajS!K:i«smi:i/7hU 
fct>©©. e®ricfi©«ttftx*;Hf-tt»2. 3eV 

'S/uX'Wj.HtHSC iga^fi©^^^ 
It, eAttftfc#ARV#&©ftB&4m«**||UR© 
£S 3 »)£ L T H -5 © Tttfc t 4: 1 > 5 d i: £ 
ft*. £©KK*XI#T*JMM&«&UT, #AR&* 
K©TG-DTA S&£gp]BS#*T) 
6. Km©Nttttfti:**lMtf-ft*Lfc* , tt<c& 
Ct>T*S0, **tfttAfl:«B*lTV>e?rttttajMt 

cAir»fc©i*«Sft*. ccT^BRttnbfctHUiA 

J; 5 7i««C«t 0 fifift**afilE S nt n S <fc <-> ft 

t. a»4G6^Rfl:-r«ftae>(i{fiflisAftfflttiiftgi 

«)tt«*«iS*fbK:Jfea-3T»ff'r*3S«. *©*C**£ 

<&^T£SA<3fM;:9Jft J ?>-t<&0. K«f©y>yj 
Rit#3Wli9«***«. *'>i'U>i'#>KfttfS3l© 

^©g. tt«4*tfica*<, c©lS©ffii4fbx*;i/ 
*-A^®«sa^fflftt«*)s©aa^*n(;«k o te«sn 

-C*oT. d©Sfi&i:LTaffifiigi,^fflM«t&JB#* 
©SfetbT©a«&«.u«. fii&«S^bfflg4Ji^8i 
^**»S&«*HHft:^«»©2!l*©^Iffittt)*ai:a»>l 

cnm^tRftimm^t-'Aji^mmmmmtuox. 

DSC<0&£t-&tZ>. «©ttttttAtt«>&©taAdt 
*««aff1-*!S*. *©BK*#«»ttA»»-t#AR»# 
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?x%$,&.&iz&%tLm&<t3L* <{s.t? 
s (-M*>nmvim \z*.?xm%Lfi:tz.*>. 

T»5-5i:#^^n5. 10 

[0 0 2 2] ±IBfiiI*Siifcfflffl!i«6JB?8SSS 
ADC J: o T# &ttfcliatt3aitO|ft AattC? HTM 

essd*.*. %g,<t®m<owjiomz<t>tei\ftw> mo 
Ltz&mteiis§k<tmmi>*T?frteQ£^mmzm&-r 

nmt. *<D&WLmmz&^T\m£hMm&z:t&z>z\ 

»**»A*c:&9. tcfr&ttttfcttArtfeMBii*© 
c»U Raz©iMMHttt. ISA«tttfll>l|t©tt#rill::jft 

fiLfcitj$asaD8B#Ti&oT. 

ft<57i>ST?»*. BIT. *WfflStfet»T. Z\(D£.olZ 

&m%&itmMm&mom&mimm&frc>mm\ztf>ztrz 
tpj-scztc-r*.. 30 

[0023] *c. m&m&it%mmti-c- 

=.-y^r;u©^jDS*iIie©^fc l 0"a t ows/cm 
' ~10"atoms/cm' ggtLtS^CH " 
y{r;uoipffilzjBBT«&Sbti««lft*lk)MIISn 40 
&*>ofc. IPS. C fctt. ±E©SiS-e* 

fttfT F T©ffittJlf?£ l,T*JB*«?JttT** c 

[0 0 2 4] 8tfi£&SI5#tt. 
irA«Mll0«#tJtttLTl1BK±*<. BAttt* 

©Citt, «8t©'tX#M#lftA©W&ft£ffl&6*L 
aa**ll««lto*©lMI£:MI*<-*"r*. BP 50 
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**U7©»n]^tt*fclittKI=&ALfclftA© 

[0025] * 01 ic*-r«fc ^ tc i o o ©fgwca 

ttC*M%MU 0 4*tt«O^XTCVDftTil 

J*L. $e.lw5 5 0S. 4SSP B 1©»Dj^JC«tt>T!Ba<b& 

i o i eaa&#micHArtft«<fi;:r). m»c i o o 

w^©m«ir*3^Tfi. ^wi o 5T*-r«te»jcsfii 
o i cwtt»fflc«artirt««fTtoft*. *lt, ;r 

©IMttAttattRftift&tlS. CcO^HttSsS^tO 
= !/^WiKSS I MSTfiJ^LfetC^. £CT©«fc 

[0026] i . -v>r)\,<n>m&tom*. e©jp$*rfi] 

2. :iyfr^**it«5i!JASftfc1g* (fisj*.tf, 0lTl» 

■©rta*#t:*£<a*3n«. m^mam^a, 

n. 

BS*A*nTV»&HfiI«) Cfc^Ttt. ±152©- y 
lr;U«itttg^A$tlfcS<a«t 0 fct©»«3»«iKj 1 ffi£l± 

•5-©SS©SStttti«5<#e»tl-5. 
4. /\'->^^7'?>K©^->^SStt. lxi 0" c 
m 'ggt*0. S I MS©«£R#£li:HMBrf5. 
WS. A'y^^VKO^-y^JI/iSfgte. SIMS© 
aj^K^U^TS)5 1 X 1 0" cm"lS. Sfctt-e 

[oo2 7] -yM,m#mxzti. m\z 

"cm-Ciat-yWSSUTl^it. -£-©- 
y^rJ^»ASnfc®«*»e.»4 Otfm«infcSSC¥ 

jnue*n*-y^afttt*«j2x 1 o",fc 

8lffi'>&l». ±E©0fl«:BI4*flH>TSl?UT5. 04 
£*?©«. 75XYfflSlcj;?TN i tfgsjjnstifcfc 
«(Plasma treated)©N iJSS£. S«lcSFfr^(fi]l3 
iiSi!ilS£Lfc|g#(Lateral growth)©N I SS<k, ^7 
> KU^JUT**a-Si©N i SlST**. B4ftigfc# 

eral growth)©N i jgffi«. N i ;Wt£iBA£*;fcfc« 

ftfctt. C©S«lc:3PfTJ{£*[Sllc»SftB£gLfc««*ipJ 

[0028] att=vy;^«Asn«Mtt-coaan 

+ t?©=-v yjpffiis^sfiti-r * c t hii-c* o . 
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«. z.<r>w& (euiisi ©1 oo©8at£) m-v* 

JPitS^. 2 0Ag& 1 fcO?ffi«>Ti'fc?7&S8J? (XNE 

£ ffi-e*S8KC 2 0 Ag£©gS£i$-" < d 
ttt^fiET&S. «5t, *-©fi£ffil©f*I3?ttfflSi£a* 
ES3i^K+ ©- y tr fr&mz Z t> © A S ft 

;Wii»«A**ltffi«*ffitt®tLTJgriEUftTFT 10 
©*ttCt>SlMBW«. W*, :=?*-;kWa*»Aa 

ftfc«« <fiajAtf01©l 0 0) £?i]fflL.TTFT£tf; 

Kt-st. *©<*tt©A?y*at**<wi*. zfth 
©<k#*.«=>tt£>. 

[0029] ryer;wt*Asn&«**>6«n 

tt. *l/T=vfrA^II«»AS*ifc««J:0'b*©« 
flW'h*< <ltta©*3C4 0«mli*i;fc»Hf"Cttl||f 20 

tt##6n3J£tt®+©-y^©i§«tt. S I MS© 
M&mft&TF (1X1 0" cirf&T) -2X1 0" c 
m" * nm-e& 5 Z t ififtfr 8fc t ¥(t t « 

(nyfrJW»A3ftfcttK. MiLtfm l 0 0fc*tt 
«S««l0 4l>or?**19!) Cftfesr. .tEHf 

¥f?Cl»l«*LfcflW*««UTTFT*»J*-r* 

t. ffiftTf?Stt&<TFT£®S£<!:rt<T£*. 
[0 0 3 0] ±E=y*Jl'»«©IEHrt© 
fS«*S4<c:i:. &«frili0r«©fl* «BL=:y4rjlrt* 

its^A^ns 1 0 0TjRSft*WKtt*an ©=?* 

3ftTH*. 8f*©=yfr;i'«flE*#-raW* 

ea-scti. -?$r*a*»**ftfc«*a»e©»i*» 

5. ffiUC©«£. £K£T&3SR©ISAttflfft6tt 40 

•5:: 

[0 0 3 1] C©£«K:¥ftl::i&*£&lfcflUft 

fir*. -tOfclWi. = y*;W<»»3A£hfcSlSE*i 
[0 0 3 2] «±©«te>lC, »S<t©fc«>ffltt«7C**« 
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(1) ftAOBAtttflMttCfMT*. »»n«* 

(2) iaftrt©fc©©ttittm©aft#<fr>ff*e« 

fflTSS. 

(3) ±B (2) ©®«*tSSttA<»S*l<5. 

(4) .eAft©fc©©M«tim©aK6«a(:Mm- 

[0 0 3 3] Ttt«»C. ±i£©&«#tt£»*;i.fc± 

TTFTcasffl-rs^ffiiio^Tiftwrs. c;ttf 

T©J6ffl»» t LTttT FT*H*©K»lCffll»S7f 
•5. 

[0 0 3 4] M&OttC. &jfi©*iIS©7?x-r7v 
HJy*XHttME**BK;fev»Ttt. #7*gfi©*S 
*t»A*Ci:3*«««T***«. *fSW©fi?i*SS{bffl 

©5*Atlt«!UT-MHC«t>aKTII»fc*«flI«-C* 
flDU 5 0 0~5 5 0Caa?4R|IIS*aM<l:d*« 

»fc#J6^TltT* 0 . *©*'Jvhtt**l»t>©t*A 

[0035] L^t>. ^■H©«wt«t»4x«. mmzm 
n« t'oit: uf-f stir* ^r. ^-n«t o e 

*«W*ffl«f»6«*Ctt. ■*CfflV>*TFTi:tt«'« 

-Siffit5TF T ©ifi«IC<5S^Sfl:fflfi41i#S©ffl 

«BJo*fTi».'-tr3*>6-*iSi (««c^fftt*iai) c 

ISftSrlSSS-a-. -^©itSSfiSfi^lSlSr^r^^©^^© 

[0 0 3 6] ^Ac. BS«1S«^»3l£m#*Bt»5fc««>©-fe 

Tt>*. ^©J:5«e8BlZ*t>r. 5I«3t*«rii-rs© 
T»n«. *M£ME©.A*&. l^ilSaS (a-S i) 



( 7 ) 

tl 

»»aeTFT«rfijj8-rao*<*-fflT?**, ±> 

tt) ±C«aft*tlTfP0»tt6tl**J«i:-ractjW 10 
[0 0 3 7] EPS, *«91*WfflT*&6«, ffi£<£>$l 
tfect^-e*, L*t>«#fflC£AJ£ftL&BAtt3 

ffltttt, *A***B*-fc>-fr-*fcHSi\ J£<SS 
EPS* *«±*C«R#**6«fllUfch7>^^^ 

[0 0 3 8J 

[ffffl] a*e«Aft***fe«6«cWAsn*iMJjEffffl 

S*f* 8 ROtcR***^ Ufc«a5c**»ALfc« 
6 . LTW&afll 6 W4ttttlc 

eAJMSfrtott, K»Aafi«**ffl^TTFT«© 
«ttS*«*-r*;i£lcJ;oT. ««7G**<»A3*lfc 
AM* 0 fc*0*B#'>&<r>«**JSttai LTfOT-r 

[0 0 3 9] T^WXOJgrtKRLT. 
<r>»4tttt£»ArtA [sfceAtt&*Ra>£Ai£A#fifc: 

-f X0»ttfc»ASC£a<-C*<5. 
H9EaB5c«©»«*«fi<, *fc*©»**Sftfc»l» 

[0 0 4 0] 

fr$R** #WfiAS»RO±BKcAR-r«^S. 8& 

©7C**-f *>K-tf>^*fctt< *>aA^ctoT# 
*ttAa*R*K*fcr*-S*S, #AB3i*R«)riSR» 

ICfiA*tf**ttTJ:H. f ITCW, 
*R4»K*3HT. 2X l 0''cnf 1 JKT£&*«fc3f::T*l 
tf«k^. 50 
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[0 0 4 1] jt/5X*K±K: 
ISAttaSRtW^fcP^^^aTFT (PTFTi 
^3) fcN?**;H!TFT (NTFT£l>3) <>:**§ 

[0 0 4 2] 01 ic*^ffie«(Of£SiXllcotffE0*^ 
1\ tl*, Sfi >^7 0 5 9) 1 0 1 ±(CX/t 

y^UV^SKJcoTjPS 2 0 0 0 A©R{ta«©T» 

*R*t«t-3T«flES*Tfc'7A^ 1 0 3*R»*. CCD 
7X^10 311 XUyhttfcTttRl 0 2*1 0 0T 
«"T««lci3^T«B*-&*. BPS, 01 (A) OftSI 
*±ffi*>Sa*i* XUy httKT«Rl 0 2ttRSL 

[0 0 4 3] ±iB-7X? 1 0 3 *«»&«, 7>n*j9V 
>yaH«tot. /PS5-2 0 0A. #J;ltf2 0 A<7)g 
fcnyir^R «fc*5tNiSi. > 0. 4£x£2. 
5, x = 2. 0) *l OOORttlcRftttlzrt 

R-r*. coaft=y^R*rtR-r*ot4, vuir 

(880 S«T»4-y^*»Aft©fc»©«B5ER 

[0 0 4 4] o^Jc, ^XvcVDSia^T, JPS 
500-1 500 A, «Atfl OOOAcDXtt (IS) 
0#AB3t«Rl 0 4*fiUBTft. ^LT. Ctl£*$ 
STtUffl^T (#£L<(4> ***>#E#0. 
E) . 5 5 Ot:, i'fctt^SttSHftffc (**£E) . 5 
5 Or. T4BFlBr--;i/LTttAftS-frS, 
Sftriy*-^R36«a*ttk:(SRS*ifc 1 0 O0fttt£« 
<r>T*4, SSI 0 l lc#LT£B£ffll;:ttAtt&*Ri 
0 4<08ftft*«:S. *LT. ?!^10 0Eil^a« 
"Ctt. *HU 0 ST^TctpH, HKlOO^&«^f|R] 

<«R£¥frfc#|fil> IcttArtAaWrton*. 

[0 0 4 5] *LTC<0ttAffc*«l**-fr. 
toBAtt&*R**J«fc&£. ±te^7--;b^H 
7>7imllM;:«fcS7--;i'*ff3. cc^7--;M4, 

1. 2/im®#tt3l£*Jfl^Tf¥3. u©7--;i/ 
WKStU ftRORRakSK:l4*dA:3njR*f»«C^:3»t 

— *7AS«fci4»«*njz<n©T, a 

*C#UTB«?ttCX*;^-*4ASta:fc^ #5 
X*«*4**0tnS»L/j:^i:^5#«tt*«»<&n*. C 
<07>yjlDl»KJ:*7x-JHCffl^5n**i:LTJ4. 
^>^f>APy>7>y* OtftO. 5am-3. 
5/im) «*m»*c:i:j5*T#*. -CD^>7 P ftG^Hct 
57r-Kiot. tt«/j:ISAtt%BR*f»«^&«<. 

Jfl^fc7--Jl,*fT3C£fci*ffiTaS. 
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[0 0 4 6] ±§B5>:/;taf&tC<fc£7C-Jt,£f7 

?&aattgsn&. ±E5>^ttj»*fxbtt^-3fc« 
co 0 4 7} ±bi80*s». #AH%*K&6aibd 

«• *^BB»«*fT^, TFT^)V-X/HH>S 10 

[0 0 4 8] ^^IC, X/^y^U>ytSH±oTJPSl 20 

0 0 0 A0Kfl:3*H 1 0 6 *y-f MB&dR& LTfSffi! 

Arty 9 V >^RFtf>ajgiSgte2 0 0-4 0 0 
■C, PIAtf3 5 0t;, X/^*U>y#H«tt»*i:7 
;nr>T. 7;i^>/R*=o~-o. 5s «*tf0. 1 

[0 0 4 9] ;:cDxg<D&, *e©5>;/iHi»i;:±47 

1 0 6 &£att&*R-l 0 4 £<D#®1#££afeg 

oTt>eAtt3£3iuKi o4 0B&tt»*d&i::&&s*i 

oy-f h»BB£^+JM«£«« (Bll:6Wtt. 

1 1 2 t 1 1 5tf?*:M«£tt«£&*&Att3BK 

[0 0 5 0] -D€\Z> Arty9V>>?mz&r>T, H*£ 
6 0 0 0-8 0 0 OA, «*ti6 0 0 0 A<07;i/5— 
A (0. 1 -2 %G9->'J 3 fcjBfcBt-fs. -trL 

T, /W-->ySR^ y-f HS 1 0 7, 1 0 9$: 

SBMfcLT. £BSIcttfl:ttB 10 8, 110 *0jsS-r 

8, 1 1 0<DW*tt2 0 0 0AT*^&. fcfc. 

0 St 1 1 0 t\t* BMH#>H-fcf >^IglC 50 
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[0051] &\z> -f*>H-tf>y* (-r*>&A 

jufctfwgr*) ic-aafflfe^-rsTttifcfeiBiiD-r 
z>o c©K-e>yia(c*5c»T, y-rhmaaio7i: 
■t©HH©afcB 108, y-r hma i o 9 t^tomm 

©WfcBl 1 0£VX££LT?FS6«!1 (flM3«fctf*$ 

(PH, ) *J:tfy#?> (B, H. ) ta^. 8fJ#<D 
»&»4, *IDj£^EE£6 0-9 0 k V, MAtf8 0kV, 
«#0>»&tt, 4 0-8 0 kV, 0»J;Ltf6 5 k V£-r 
H-XllilxlO ,i -8X10 ,1 cm \ MA 
tf, «^2X10 ,s cm* 1 , W^SXlO'^t 
*. F-KffCBUTtt, -^®S&7thl/yX 

hTH^d^iCct^r, *ft**i07c**a«»fcF- 
6, pa©3pie»««i i iti i 3*<*i***i, 

tWITFT (P T FT) <0a«tN^V*;H!TF 

t (nt ft) <fca«**»*-r*ci**-e**. 

[0 0 5 2] I/— !f-}COB»tJ:oT7-- 

;Mt5. U— tf-#<hUTt4, K r Fl + yVlz-if- 
(iSiS2 4 8 nm. /WWS2 0nsec) SffiUfc 

frtt* xW-W2 0 0-4 0 0mJ/cm' , 
^«2 50mJ/cm' tU -jWSK:oS2^10 
•>ayK MAtf2->3y hRJfra. C«L^-1f-^ 

©hwi^cji s« 200-450 t:a*cttiB'r 5 ^ t 

llill3, 36l:liN*W4f5T«*«<H-^ 
n^i^ffifem^i i 4 1 1 l 6tt. $atc^tt{t:$^s 

[0 0 5 3] ^^:wy-x/Hi/< >®^C07--JU 
*tttLT, M*07>^lKl|(!HciS7--JU*ttt)W 

*a^s) t*»jj£o«k5i^ a**aRft«ciDii»"rs© 

[0 0 5 4] tt^T. iP$6 0 0 0A(Og[{t^^Kl 1 

ssanniieBfttLT^XTcvDttcfcoT^ 

A«, gfc^^><h7;U5X^A0)*®KtCJ:^TTF 
TO®ffi-gB«l 1 7, 12 0, 1 1 9ZBi&?Z. a 
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lfiff0***H«-e3 5OT;. 3 0^07-- 
TFTe«liat:«*Lfc*»#HB*^* 

t*. (hi <d> ) 

[0 0 5 5] iKfcfltTEltttt. PTFTtNTFTt 

*«iis»c»wftcMos*iBr*ft3ft^ ±texS(-^ 

iCcfcO, ffi£L£TFT£20^l$Ktt$1-£C£t>^ 
[0 0 5 6] B2\Zs mi (D) *±H**SjLfc«E* 

0*JES©TFT©»ff»JC43lf»T, **'J7tt7-*/ 

#Krr<5 0 BP%*y«J7ll#tt**^tttttt©tsaa>ts 
BttfffcJBoTiMM-*. iJot, *+U7jWMW* 

c*#t*. «£n£t*-r 

[0 0 5 7] **M«Hl3ViTtt- -y^UfcSAf* 20 
^fttUT, #M&*Rl 0 4TCOTH6K1 0 2_hlC 

mxmz-y wnm (b»t*h© 

»S*4»is6iffltr»TbJ:^. *fc, Tp«>#IHlifcB« 30 

i o 4"HcaawnsA-r**tt* 

[0 0 5 8] [ftttB2] 7>r-f7B© 
BfiBaMSBK^T, Nft^STFT^7f 

te»+7j) ©n*#HB&«BT»tfsn*. n 40 

[0 0 5 9] #*JBW«>f^BXS©«l»*H3CS-r, 
**ft«IC*5^T, SS2 0 1 £LTtt:3-=:>y7 0 

59#5X8ffi 1mm, 3 0 0 X4 0 0m 

m) fcffifflbfc, TM2 0 3 <Bfc3*) £X 50 
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/v^U>^t2 o o 0Aa>jP*ic»*-r*. c©» 
jssfc»«-rs. iioaft^y^nKtt, fc**N i s 

i. , 0. 4^x£2. 5, flJAtf. x = 2. 0TS£ 

ns. :wpi:ix, Bftttic£«2 0 4\zmt-v 

[0 0 6 0] COS, LPCVDfetKli^XTC 

vDtt-c3ta*a*«2 0 5 «r 1 0 ook<om^\z»A 
u 4 0 0fcmwtt**ft:*fTofc«, fias»7zi- 
jn:±^TIS*fttfT5. £fl!>7--;nett. *bb 
tc3?B»T <»*L<tt, **O»EE^0. 1 1 « 
EE) . SSOtTMPSWfrsJfc. *fcC©in»7:i--;P 
l8*R**©*Ktt*Bft+T!ToTt>J;l>. 

[0061] c£D7--;neic^^r, #aag«B 

2 0 5TCD-3SO{I# (2 0 4CD<g#) Ktt, ftft-y 
5r;WR#»**nTV^OT. C fctSBtoWB 

i©ttJWt©B, 0 3 (B) ©£Sn?*-fc£? 
fc, Sft-y^^ritR*ftT^S»»2 0 4tH S 

«2o 1 tcsB^A^B^iiaAft^afT-rs. * 

*tlUT^&^«« (Btt2O5£lft0>MB) fcfc^T 

[0 0 6 2] u^lt, 6aiiS*J:0^¥»«JK2 
0 5*»*Cfc**T**. AC. ±ie*«»K2 0 5ft 
y^-r:>yLTirtt©*»#«* (TFTOffittS) 
4WJS-T*. ?-v>*;^dc««2 0 9#»riE 

*W«»t-y *VW<*A Stl* 2 0 4 £<Z>mfil£ta! 
jrf*CifcJ:0, ***;i^J*««2 0 9 

y^©BB*»**ci^**. w***>mm*& 

<-rntf, *v*;wb*«*2 o 9c*5*t2»=y*jua 

v * Jl«*««fc:* - y * ABBS S < "TS c t # . 

[0 0 6 3] $f)l:fh7'Xh^'/«y7> (TEO 
S) ftlSfftLT, B**BSlt0^7XTCVDttlC 

iot, Bfka«oy< h^sn (jp * 7 o o- 1 2 0 

0 A, A^Wtcli 1 0 0 0 A) 2 0 6 ft^^-TS. 

T. »^L<t42 0 0-3 5 OVftZ. £<D&, 
9i 1 tH«C*^*0DHBWC«k5 7 >7M&£ 1 5 
#frir^ ¥*#»2 0 5 ty-f h«fiii2 0 6i(O#i 

[0 0 6 4] *c 4>»a>aB*£rt»tLfcBScv 
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#2 1 0 £*j«"r*. *LT\ K r F U— 

fcg*Ra>tiAtt£&B34*. cot*»cttu— SP- 
3K©X*;|/*-fl&«tt2 5 0-3 0 OmJ/crrf £f 

s, tf-aaittior, cotftov-x/ 

KU-f >0->-h»Sttt3 0 0-8 0 OQ/cm' ift 10 

[0 0 6 5] *©R, Rft3*l;:«to?Rm«fttt2 1 

ltJMEU <*£(C* ■M«I2 12*1 TOKioT 
JggfcTSo ^UT, h*-;U£fl2f£LT, TF 

mTmfS2 13, 2 14**JfcU £©5%-£(DSS 
213BIT021 2fcfcft*T*J:<3K:"f *. fttt 
***T2 0 0-3 0 0tT2HHH7--;i'l/T, 
^U3>©**fl5*£7"rs. :^^CIT, TFT 20 
£^$TSo CCDXgtt, RRt;:fi0)£ft0BXR8K: 

[0 0 6 6] **««ITffBLfcTFTtt. y-*« 

tLr, *^u7©«n**fiiicea*«**&ttfttt 

S»R*flK»Tl>*©"C. «*tt»**+'J7#«»* 
Ct^<, fll***y7#»tt**W4tttt0»A© 

■ LtTFTHNftWfil?*?). 9 30 

0-13 0 (cm 1 /Vs) -C$>r>tz. 0 0 

"C. 4 8«BB©j»7--;HCJ:5jBafl:«CctoT»Sn 
fcttfltt3a*Bt*ffl^fcN^t*^a!TFT<Z)»Kr}ft*, 
8 0- 1 0 0 (cm 1 /Vs) T&ofcCctilt&T* 

[0 0 6 7] *fc±E©iatW«&^B»ttC±o 

8 0- 1 2 0 (cm 1 /Vs) T6ofc. £*l*> 
^O6 0 0t, 4 8B*n©»7--JMCJ:*ttAfl;K: 
ioTfl!S»*lfc«Satta*lll*ffl^fcP?^*^fflTF 40 
T©»»#, 3 0-6 0 (cm 1 /Vs) Tfeofcii 

[00683 [fttsH 3 ] *mmmiz. nmm 2 \z^t 

t ) J7^1|-rstgfiJti:L^«fiJT^S« > ZO&ottmfSL 

:nn ftR&*tw4£«i-gAj£ftLfcBA so 



©»fla#ft«W4ct5ic*^«j73&«»»L&wntf& 
[0069] mmm 4 ) *£B0gi4* ^km 2 n^-t 

nSlfiJftTTFT©*|fiI**«)*Cti:-rs) «ttA1£ 
&$R©g«^® ic^T* te^eJcS^^ te^^ffi-? 

Bt-r*. 

[0070] ma©* an, »a©j**#i*mc**'J7 

*R«lStfS«£, *irU7ttlSatt»t»oTiWW 
SCOT, *©i«b«Sfl±*tf*Cfca«T**. 

ea©*ft*tfiiic»LT*»ft*iftic*v'j7*»»s 
-frs«^tc«, *vU7***ott**#Kusattntf 

[0 0 7 1] dC0 2OCD«^C0Pfl$g^-rSC 

rsi^^fts^o-9 o° o«Bic*^TKsrscifc 

J:0- *1rU70»»flE*iftl»"rsci*«T*'5. £fc 
9JM>GF fcT* 6 »*• ±E«A*ft*lRl4*tU7© 
»»-r**iaii:©ftaE*»«^r«it(cj:o, y-*/ 
KK>««nn©«tt*«WT**i:tKa:*. *jb£ 

SnM«l 0 0**0-9 0° ©ftHT?l§HEU fcflll 0 5 

■es-reaeaasjffiftt. v-x/kh>s«^ 

tit, d^ftflf^ 0° Kifit>«£tt#ftflM**S 

*d6««a)»a3&t*#if»«*i"r* c £#t£s 0 

[0 0 7 2] («BM 5 ) *$BMfiL ^tSPJ 1 * fctt 
«BM2 ©««BaS*¥**Ra>ttAfb©XBfi«o 
"t\ tt*«tBlD$n&Bft:3i«B««aBtc. 5>^B 
BKJ:*BAfc*ff 3HT»*. *R« 1 Sfc»i*B« 
2fc*5*>Ttt. $r#l|LttA3BR&»JftRfc. 5 50 
4«n©ADRK:j:g^oft*H«BAfl:$«. £6 

T&ofc. **IB«l4C©XB**6CHBSi4'3tt)© 

T^ot, 7>^*Dltt©R»ClHrAfc©fc*©l!Sa7C** 

[0 0 7 3] *j8BMfc:;fe^Ttt. *r*JB«i^B 
m 2 TOW L£ i 5 C JnRK J: o TB Att&*R£fl£R 

!C<fcoT5 5 Offi, 4«fHS*©UDB7x-JHc«t-3T 

rn^ns, ^©« % tt*^Bttidtt&R{i:3iRR£ i o 

0 OAcDfPSK^fS-r*. C(DSC©K^*R*^b 
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HfT-f*) itt>K:. n<fc&*R*0tt*0>flt«i;:.l:?> 

[0074] -to«coia*)6«»fli$nfc»ffca*K* 

[0 0 7 5] (*R0j| 6 ) *£ttttli, 0 3 tC^t*JS 
«2©fP«lSK*^T. «ffc=y**R*T»R2 0 
2±±BfcJMW*;i£T. ««K±iBlC*^T, StE 
KSBtt*rtK:ttAl«S*tffcflT«<&. TFT<Z>ft 
■tt. TX^2 0 3fcRl*rcafcr:yfr;PR£TiW 
2 0 2-h£fflfc»*U ***»MI*«2TKWLfc 

*3c*«ia*«2 0 5ft»*b, s&ci&Aftxs 

£8T, TFT£ft&1-* 0 20 
[0 0 7 6] WltflOTFTOlBOillt $3 

(D) \zm-rb<DtmteZb<D-c\*&^i)\ y-a/F 

0 2 10tftWM^c2 0 9i: 
#»*«ft*ffitt!fc*^T. tttt**^tttttt0«A 

5. dtf)&, V-X«« (2 0 1 0) £ KU 

<>ffi« (2 10tfcli2 0 8) &©m*»Brr**v 

ttftttl 0 0 cm7VsaTT**#, *7««3&«/h 
SHOT, ««rftKr«fT^C&£S«& H r««AX«S 
H0H*fflTFTfc»ji&raitfc&*. 
[0 0 7 7] l^UifltS, **M«0<k3aTFT 

[0 0 7 8] «1SW7) *£KfltiU iP^t^:5^a 
ftOfc»©«ia7C*T*S8«05n*©*JC4«|fl!)5c* 40 

[0 0 7 9] £-f#:7Xa#tl 0 l±fcT*R (Rfeg 
SB) *»i£U l o 3£«i*L. StRW 

nyfrjiO *»IiLTBil/ti 0 0<o«*lcfl2jS"r 
S« ^?C7X^ l 0 3£Jftr)|»€r, #W£A&XRC 
:TB#Ha*Kl 04«^5X7CVDSl:j;oT 50 
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io, ^ffiicir^iitro c0R&rr8#(&«hi 04 

Z>. <i *>aA<OJjn3$mflEte6 0 k VU F-XRB2 

tr) <h#SSa«K l 0 4 Bifiat+ifcRRW 
fc#ARfls**fTfe*L ttAttR£tt*'**#tt«S*R 

[0 0 8 0] CCT4S|(D7c3S^ffl^S<0«, 
07cft£l/Tte. C, Si, Ge, Sn. Pbtffl^S 
»*LK F-XRB5X1 0 M -5X l 0" 

[0 0 8 1] C0>&, #AX3RR10 4£5 5 0£. 

Bt^oTfe. SRt>na£LTttArt#tt$&-r*) 

i oo<o«*?&»6A«icspfif«i:^ifiifcfT*>n*teA«ft 
d<&*R 1 0 4 tT«R l 0 2 fc©#R*S5M£-r*<* 

BP%ttAfifift*fflO»afcJBAl**ftfT*)"rc:i*«TS 

So 

[0 0 8 2] »«R«lTRWLJtJ;3R:, PTFT 

RtfNTFTfcejs-fact-e. ntT 

tettAttftRRfc^T. *©«A*fi*lRli*i'U7 
0»»1"S*ffi]i^Jlil5J:5CTFT*»j5fiLfc*fi 1 
*irU7*«ISA«*K:j&oT»ft-r*fl!)T, *<£>&W)<D 
RtttAttffO»»*»t'SWft^«*fr*Ct*«T 

RM 1 L fclS (C J: 0 Mf& b It N T F t ®»r&(£ 
W9 0- 1 3 0 cm J /VstftoftfeOft 
««IOJ:3CliD»K:J:-5liAftK:*St%. 
fr&&*ftfrofc*>0tt.' 15 0-1 7 0 cm 1 /Vs 

[0 0 8 3] *JSlfiM(C*5^TSeC18AttOrt3±*<» 

sn, »ftKosc>TFTA<f»£nfcatt, 8&<otc$ 

"C»5-yirA«)»A««*^©SfilCTfTa*|Bl's<o 

*fl^O!SArtfi«r«l*reiSA*»3»«MfeoT«ft» 
fcRSStlT^fcOT. S«fc¥fffc#0l^fl!>iSAR* 

tSB&*iPjictttt«c»Artftr-6B(7)»Att3&*#ft-r 

6a«R^A«^OffSiGft«ttJCnic#AKft:L&c 
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[00 84] C^JEW8) **iS0»]e. 7?x^:/S!© 7-X/ K U-f >©=i>^£ h*— ;U©{fl:g£|gt" (IP 

Sa£w3£BK:*«r»T. SjaH^'f A'-|elgS*81S7c3g 5. 7-X/ K K hffigt£*iJffl-f 5) 2r 

1 Sfc^iSfifiaj2lC-5-©fPSlS^fTFT-C«fig Tt>«fcU. 

l. iisaJ^tsit^nsTFT^acD^asasg [0090] «.k©j:5fc, *ssjswti. ssssawisa 

CO 0 8 5] £»0J:3C. 7*x-< 7l!©iBtA«jn8 *oft. ■*»»CttttWrABC=:yir*«ltA 
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«*«**TFT*tfcBi:S*l**«. ■*»#Cfttt& BttgMttfMIU-CT FTSML, NiBilBBft-C 
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**a&$£i**lS. L*>U $AH3* [0 0 9 1] £SfCEffl@Kffi#©*£S5gtljK 

Ks^ijfflUfcTFTtt. ^ounaaicirf /vs& <i:£ttso-v*tiff. *©««icigiS0i]7T*ufc,fc5 

[0 0 8 7] cftttB9j **&bh:. *iM8£3& coo 9 2] 
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l^Htt«2T*Lfcl 0 0 cm 1 /Vs£U0)KfMk A>:tSAl£ftLfciaBtt«rr 
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WCifflioT. ±ISraS*ffift*A/i1-*t>©T* 40 3. SSCMil)i*|S]tC^aB£fiLtmJ|JICTFT4fP 

«. *r. -f*>&A&*jB»«;:£K:j:-3T. &+© »-r*. 
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A»«C»A-rs»ft, V-X/HU-f> Mttfr&ftttfcft*0taA&&*Kli. l&7cttftIElS] 

<B«C K-:/£ft48S3!£tf#T5^>MSJ©K-7S ttSWLtusrot, •^©l&TU^lSli:*-*''^©^!* 
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